Previous work led to the separation from seminal plasma of a peptide fraction which promoted a high rate of germination of blastospores of Candida albicans. It has now been shown that an acid hydrolysate of this material is also highly active. A minimal amino-acid mixture consisting of aspartic acid, lysine, histidine, threonine, proline and, p-alanine gave go % germination in 4 h with 17 out of 28 strains examined. Glucose and inorganic phosphate were also required. Phosphate was not required for the activity of the original peptide fraction.
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and so the results are expressed as a percentage ?f the response to the complete minimal amino-acids mixture determined at the same time in each separate experiment.
Assessments were made after 4h, which is the time of maximum germ-tube production for this strain. Mycelial development in Candida albicans is followed by the development of blastospores from the hyphae, which themselves do not form germ tubes but multiply by budding and cell division; thus the proportion of mycelium present will decrease with time even though the mycelial strand itself is still being extended. The time at which this later blastospore development occurs varies both with the medium and the strain used.
Total growth in periods up to 24 h was determined as described previously (Barlow et al., Seminal plasma. The sources of bovine and human semen and the separation of the germtube producing material were as described previously (Barlow et al., 1974) .
Acid hydrolyiis. Material prepared from seminal plasma and serum was dialysed against water, freeze-dried and then heated with 6 M-HCl (0.2 ml/mg protein) at I I O "C for 18 h under nitrogen. HCl was then removed by repeated evaporation in vacuo over KOH; and the final product was dried, redissolved in water to the original volume, and adjusted to Amino-acid analysis. This was carried out using a LKB Biocal BC-200 single column (600 x 9 mm) with buffers of pH 3-20, 4.25 and 6.45 and Biorad Aminex A-6 (sulphonated polystyrene) resin at 55 "C.
Chemical determinations. Protein was assayed by the method of Lowry et al. (1951) using bovine serum albumin (Sigma) as a standard; phosphorus was estimated by the method of Young (I 966) ; potassium by absorption spectroscopy; sodium by emission spectroscopy; and other trace elements by flame photometry. In each case, correction was made for reagent blank values.
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RESULTS

Germ-tube production with acid hydrolysates of fractions from serum and seminal plasma
Samples of the fractions previously isolated from serum (fraction C5) and seminal plasma (fraction D2) (Barlow et al., 1974) were hydrolysed with hydrochloric acid. After removal of the hydrochloric acid and reconstitution of the product to the original concentration, the hydrolysates showed no loss of germ-tube producing activity (Table I) . Such hydrolysates always show full activity even though their quantitative amino-acid compositions showed some variation-typical analyses are given in Table 2 . The analysis of fraction C5 indicates that it has a similar composition to serum albumin; this fraction has previously been shown by column chromatography to be 98 % albumin (Barlow et al., 1974) . Fraction D2 hydrolysates were examined for the presence of inorganic cations: the only ones detected were magnesium (580 pg ml-l) and potassium (16.7 pg ml-l); phosphorus was absent. Germ-tube production with amino acidslsalts mixture A synthetic mixture of amino acids, magnesium sulphate and potassium hydrogen phosphate, prepared in accordance with the determined composition of fraction D2 was as effective in germ-tube production as the acid hydrolysate. By elimination, the minimal amino acidslsalts mixture was determined which gave the same germ-tube production in 4 h as the complete mixture. The constituents were maintained at their concentrations in the original hydrolysate. The results, and the requirement for potassium and phosphate ions, are shown in Table 3 . Magnesium was not required. The omission of any one of the amino acids from the optimum mixture of aspartic acid, threonine, proline, lysine, histidine and ,8-alanine led to a fall of 7 to 15 % in germ-tube yield; except when aspartic acid was omitted, the fall was approximately 40 %. ,8-alanine was not detected in the fully active hydrolysate of the serum C5 fraction and its omission in these experiments gave a marginal fall in activity. Germ-tube yield was low if KH,P04 was omitted, but K+ could be substituted by Na+ with only a 15 % fall; substitution of C1-for H,PO,-gave very low yields. This was not due to an inhibitory effect of the Cl-:since germ-tube yield was normal when both KH,P04 and C1-were present and therefore seems to be due to an absolute requirement for phosphate.
The requirements for germ-tube formation appear to be different from those for growth over a longer period of time. The minimal amino acids/glucose/K,HPO, medium gave only 1'4 mg dry wt cells/~o ml medium after 24 h at 37 "C compared with 10.8 mg/ro ml medium with Sabouraud glucose broth under the same conditions, The minimal medium did not support mycelial development over the longer time as the small amount of growth obtained at 24 h was almost entirely blastospores. To assess the wider significance of the minimal medium as a stimulus for the initiation of mycelial development, the results obtained with the two strains were extended to 28 other strains. These 28 strains could be divided into three groups on the basis of the results. First, 17 out of 28 strains gave the same yield of germ-tubes after 4 h and 6 h as strain ca2. In the second group, 7 out of 28, maximum germ-tube production was reached after 2 h (range 54 to IOO % of that by strain caz), and fell by variable amounts over the succeeding period (range 39 to 88 % of that by strain ca2). Thirdly, 4 out of 28 strains gave less than 30 % germ-tubes compared with strain ca2 at any time. Thus 66 % of all strains examined gave a high response and it may be that strains in the last two groups require higher concentrations of some or all of the components of the mixture, or possibly the addition of other amino acids, to increase the yield.
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DISCUSSION
There have been numerous conflicting claims concerning the composition of growth media and the environmental conditions required for the development of the mycelial form of C. albicans and these have been summarized by Evans et al. (1974) . The recent literature and om own experience suggest that the four factors of a slightly alkaline pH, a glucose concentration of 0-2 %, a temperature of at least 37 "C, and an inoculum of 105 to 106 cells m1-1, are prerequisites for inducing a high rate of germination of blastospores. In addition there is a requirement for a nitrogen source and for salts. The nitrogen sources used have included various peptones ; L-asparagine, provided that serum albumin was also present (Bernander & Edebo, 1969) ; serum and serum dialysates (Taschdjian & Kozinn, 1961) ; mixtures of amino acids (Taschdjian & Kozinn, 1961; Johnson, Guzmon & Agurlera, 1954 Mycelium induction in C. albicans 321 Balish & Phillips, 1969; Dabrowa, 1971 ; Lee, Buckley & Campbell, 1975) ; single amino acids such as glycine (De Palma, 1966) , proline (Dabrowa, 1971 ) and L-a-amino-n-butyrate (Mardon, Hurst & Balish, 1971) ; and ammonium sulphate (Chattaway, Odds & Barlow, 1971; Evans et al., 1974; Marriott, 1975) . It is difficult to compare the various findings and to reach any general conclusions because of variations in the other factors mentioned above, differences in the method of assessing the extent of mycelial development and the fact that often only a single strain has been examined.
In our work, we kept the factors of temperature, medium pH, glucose concentration and inoculum size constant, and sought to determine the minimal nitrogen requirements for not less than 90 % germination of blastospores. A mixture of aspartate, threonine, proline, lysine, histidine and P-alanine at the same concentrations as are present in the hydrolysate of a peptide mixture prepared from seminal plasma satisfied this criterion. The total aminoacid concentration of 37 pg ml-l was the minimum required for go % germination: this is lower than that of any nitrogen source in the literature cited, but it should be noted that our aim was to determine minimal requirements for the initiation of germination whereas most previous descriptions have been of growth media. Lee et al. (1975) report that for eight strains a mixture of eight amino acids (total aminoacid concentration 4-47 mg ml-l) gives a high rate of germination in 2 to 3 h. The amino acids were selected on the basis of appreciable hydrolysis of their P-naphthylamides by whole cells of C. albicans. Only lysine, proline and threonine were also present in our minimal amino-acid mixture. Undoubtedly there are additional requirements, both qualitative and quantitative, for further growth whether as blastospores or by mycelial extension. Thus Yamaguchi (1974) reported in a single strain at 30 "C that mycelium developed in the presence of biotin at 0.1 ng ml-l, but budding to blastospores occurred at 10 ng ml-l. We did not find a requirement for added biotin for germination but many workers have found it essential for normal growth on synthetic media. Evans et al. (1974) tested five growth media for their ability to promote mycelial development and found that their three strains gave some mycelium formation in the early stages of growth, the peak of such development depending upon the doubling time of the organism in a particular medium. On this basis, our minimal medium, with its low growth potential, would be expected to give a high rate of germination. The presence of ,8-alanine in the minimal mixture suggested that it might be acting as a precursor of pantothenic acid, but substitution of this for the amino acid led to a greater fall in germ-tube development than was produced by the omission of p-alanine from the mixture. Phosphorus was not detected in the fraction D2 hydrolysate but the addition of phosphate was essential for activity of the hydrolysate. This may represent an important difference between utilization of the original peptide and the amino-acid mixture.
The requirement for phosphate confirms observations made by McClary (I 952), Widra (1964) , and Dabrowa (1971)~ but is at variance with those of Simonetti, Strippoli & Cassone (1974) who found, for a single strain, inhibition of germination by phosphate buffer (0.1 M), but up to 90 % germination in the presence of N-acetylglucosamine (2.5 mM) and Mn2+ (0.1 mM) in an imidazole-HC1 buffer, pH 6.6. This work is at variance with ours in a number of respects, and with strains caI and ca2 the above germination medium gave only 30 to 40 % germination (unpublished results).
It is clear that low concentrations of the minimal mixture of amino acids described will give a 90 % germination rate in many strains of C. albicans, but it is probable that a wide range of amino acids may give a moderate degree of germination and the effects can vary from strain to strain.
